New geochronological data and published structural and stratigraphic data show that two distinctly different ophiolitic assemblages formed in general proximity to one another at nearly the same time and were subsequently imbricated along a regional thrust zone. The Josephine ophiolite constitutes a complete oceanic crust and upper mantle sequence which lies within the western Jurassic belt of the Klamath province. Within the study area the Josephine ophiolite was formed by seafloor spreading at about 157 m.y. before present. It was immediately covered by a thin pelagic and hemipelagic sequence which grades into a thick flysch sequence, both of which comprise the Galice Formation. The Galice flysch was derived from volcanic arc and uplifted continental margin orogenic assemblages. A major nonvolcanic so,urce for the Galice flysch appears to have been the western Paleozoic and Triassic belt of the Klamath province exposed to the east. Proximal volcanic arc activity migrated to the site of the Josephine-Galice section by 151 m.y. and is represented by numerous dikes and sills which intrude the ophiolite and Galice Formation. The Preston Peak ophiolite is a polygenetic assemblage consisting of (1) 
INTRODUCTION
The Klamath Mountains geological province of northwestern California and southwestern Oregon consists of arcuate fault-bounded belts containing diverse eugeosynclinal assemblages of Paleozoic and Mesozoic age [Irwin, 1960] . Border faults or sutures and distinct structural-stratigraphic features indigenous to each major belt form a basis for their definition. The major belts of the Klamath province are shown in Figure 1 ; there is a general east to west age progression with rocks as old as early Paleozoic in the east and primarily upper Jurassic rocks in the west. The Klamath belts have been intruded by an array of calc-alkaline affinity plutons of primarily Mesozoic age, and locally they are overlain by Cretaceous strata of the Great Valley sequence [Irwin, 1981] . These assemblages not only contain important petrologic and stratigraphic information, but their age rela- Pb/U zircon age data which place tight constraints on ophiolite formation and subsequent sedimentation, emplacement, and magmatism.
As shown in Figure 1 the Josephine ophiolite constitutes the basement for the western Jurassic belt in northern California. North of the study area, the basal unit of the ophiolite•the Josephine peridotite•is in thrust contact with volcaniclastic and metaplutonic rocks of the western Jurassic belt [Ramp, 1975; Dick, 1976] . Slaty rocks of the Upper Jurassic Galice Formation constitute the stratified rocks depositionally above the Josephine ophiolite within the study area. The western Jurassic belt marks the western limit of the Klamath province; it is in regional fault contact with the Franciscan Complex of the Coast Ranges to the west. In thrust contact above the western Jurassic belt lies a complex sequence of rock packages which range from late Paleozoic to mid-Jurassic in age. This assemblage was originally named the western Paleozoic and Triassic belt [Irwin, 1960] . However, such an age designation only applies to the ophiolitic basement rocks and scattered limestone blocks [Irwin, 1960; Wright, 1979 The work of Snoke [1977] and Harper [1980a, b] has provided critical field and petrologic data that serve as a basis for the geochronological data presented here, and which will undoubtedly have a significant impact on the concept of accretionary tectonics applied to the Klamath province. Prior to the work of Snoke and Harper it was assumed that the Preston Peak and Josephine ophiolites were successively younger pieces of oceanic crust that were sliced off in a westward stepping subduction zone [Hamilton, 1969] . The data presented here suggest a more complex history involving crustal accretion by ophiolite generation within marginal basin and island arc environments, and the imbrication of such ophiolite fragments by marginal basin closure shortly after its formation. Such processes may be typical of accretionary processes in the North American Cordillera and thus the evolution of the west central Klam- ath region is of general interest. The most important relations presented in this paper deal with the ages and primary relations within the ophiolite sections. Our discussions will therefore begin with the stratigraphic relations within the ophiolites.
STRATIGRAPHIC RELATIONS
The map patterns and a generalized cross section of the Josephine and Preston Peak ophiolites and related rocks are shown in Figure 2 (Table 1) and are considered igneous crystallization ages. In-depth discussions of zircon concordance and discordance for similar data are given by Saleeby and Sharp [1980] and Saleeby [1982] . The 2ø6pb/238U ages are the most precise, and thus they are used in the text and diagrams. Samples PP582 and J84Z are slightly discordant as a result of the incorporation of Xenocrystic zircon from their metasedimentary wallrocks. Such a slight discordance is considered to have had only a minimal effect on the 2ø6pb/238U ages comparable to the analytical uncertainties. This is supported by additional age constraints posed by stratigraphic relations and the other age data (isotopic and biostratigraphic). The K/Ar data approximate cooling and/or resetting ages and specific uncertainties are quoted for each sample. The isotopic data are given in Tables 1 and 2 along with information on analytical techniques, uncertainties and age calculations. Descriptions of the field and petrographic settings of the age samples are given in Table 4 . The isotopic ages, both igneous and metamorphic, are considered a critical aspect of the stratigraphic picture and thus will be discussed along with the stratigraphic and paleontological relations.
The stratigraphic elements of the Josephine and Preston Peak terranes are grouped below into four assemblages. The ultrarnafic and mafic sequences of each terrane are considered ophiolite proper [Coleman, 1977] . The Galice Formation of the Josephine terrane constitutes a flysch sequence that was conformably deposited above the Josephine ophiolite. Chert, argillite, epiclastic, and volcanic rocks that are in fault contact with the Preston Peak ophiolite may have formed part of its upper section prior to tectonic disruption, or may belong to a separate terrane. The Josephine ophiolite represents a complete intact sequence, and thus our discussion will begin with it.
Josephine Ophiolite
The reconstructed Josephine ophiolite section is shown in Figure 3a [after Harper, 1980b] . The base of the section consists of the Josephine peridotite, a harzburgitic tectonite mass with an areal extent of more than 800 km 2. Dunite locally forms up to 15% of the peridotite body and rare orthopyroxenite and gabbroic dikes occur as well. Slickensided serpentinite zones delineate numerous faults internal and peripheral to the peridotite. A tectonite fabric is apparent in many exposures of the peridotite and is defined by elongated trains of chromian spinel and/or by a centimeterscale banding due to variations in the ratio of olivine to orthopyroxene. In thin section, a strong preferred orientation of olivine is apparent from a small difference in birefringenc• and similar extinction positions of numerous olivine grain:.. Kink bands in olivine are very common, and most ortho gyroxene grains are kinked or broken. The composition cf olivine and orthopyroxene in harzburgite (estimated by 2¾) is FO87-92 and En90-92.
Th,: Josephine peridotite is an alpine-type peridotite typical of the lower portions of many ophiolites [Coleman, 1977] , and is believed to be depleted mantle material presumably linked to the overlying igneous section. A number of studies have focused on the upper mantle history of the peridotite and its involvement in partial melting to yield mafic magma [Himmelberg and Loney, 1973; Dick, 1977; Dick and Sinton, 1979] .
Within the area studied, the igneous section of the ophiolite is everywhere in fault contact with the Josephine peridorite, although thick ultramafic cumulate sections adjacent to the peridotite suggest that only a limited amount of displacement has occurred (Figure 2 ). The base of the igneous section consists of about 1 km of cumulate wehrlite, clinopyroxenite, and clinopyroxene gabbro with minor orthopyroxenite and lherzolite. The cumulates grade upward into massive isotropic gabbro and diorite characterized by rapid textural changes and complex intrusive breccias. Rare pods of plagiogranite and scattered mafic dikes also occur at this level of the ophiolite. The dikes increase in relative abundance rapidly upwards to form a sheeted dike complex.
Zircon Pb/u age data from the Josephine ophiolite are from a plagiogranite pod in the static-textured gabbro-diorite zone and a plagiogranite screen within the sheeted dikes (samples A45Z and A88Z, respectively). Both samples yield concordant 157 m.y. Pb/U ages (Table 1) . Contradictory intrusive relations with mafic dikes of the ophiolite constrain the magmatic emplacement of the plagiogranite bodies to within the igneous history of the ophiolite. Thus the 157 m.y. zircon ages of samples A45Z and A88Z are considered to be the igneous age of the ophiolite. The importance of these data with respect to the overall stratigraphic framework will be discussed below.
The sheeted dike complex grades abruptly upward into basaltic pillow lava as much as 400 m thick with lesser isolated and broken pillow breccia. Local screens of the pillow sequence occur in the upper dike complex and isolated dikes and sills extend well into the pillow section. The pillow and high-level intrusive sequences Of the Josephine ophiolite encompass a metamorphic gradient which ranges downward from prehnite-pumpellyite to amphibolite facies. Metamorphic mineral growth occurred under static conditions with high fluid mobility of alkalies, and represents the vestiges of ocean floor hydrothermal metamorphism which occurred at the site of ophiolite genesis [Coleman, 1977] .
The Josephine ophiolite as exposed in the study area represents a complete ophiolite sequence. The great mass of depleted mantle-type rock beneath the igneous section which contains a well-developed sheeted dike complex overlain by pillow basalt points to an origin by seafloor spreading processes. Zircon ages of 157 m.y. are considered the seafloor spreading genesis age of the ophiolite. The paleogeographic setting of this seafloor spreading is recorded in the upper Jurassic Galice Formation which lies depositionally above the ophiolite pillow lava section. Dick [1973 Dick [ , 1976 
Preston Peak Ophiolite
The Preston Peak ophiolite section is shown diagrammatically in Figure 3b [after Snoke, 1977] . The outstanding feature of this ophiolite is a clear polygenetic origin. The ultramafic tectonites have a deformational and metamorphic history which predates the generation of the upper mafic complex. Furthermore, dikes of the mafic complex crosscut the tectonites demonstrating that the upper part of the section was superimposed over an older unroofed ultramafic basement.
The ultramafic basement complex chiefly consists of serpentinized tectonitic harzburgite; dunite and lherzolite are subordinate. The ultramafic rocks display a wide range of metamorphic textures ranging from coarsely recrystallized massive peridotite to well-foliated mylonitic rocks [Snoke, 1977] . Much of the original mineralogy and texture has been obliterated by serpentinization. Concordantly interlayered with the ultramafic tectonites are inclusions of amphibolite facies mafic tectonite. These are presumably fragments of oceanic crustal material that were tectonically interlayered with the ultramafic rocks during the main metamorphicdeformation event.
Mafic dikes crosscut the ultramMic and mafic tectonites.
These dikes are similar in composition to diabasic hypabyssal rocks of the mafic complex which lie above the tectonites. The cross-cutting dikes are considered to be feeders for the mafic complex. Not only do the contrasting deformational histories between the tectonites and mafic intrusives point to a hiatus in the development of the ophiolite, but the ultramafic tectonites underwent a complex alteration history prior to and during dike emplacement. This is shown by cross-cut hydrothermally altered metaserpentinites (jackstraw-textured talc-olivine rocks [Snoke and Calk, 1978] ), which indicate serpentinization of the tectonites prior to dike emplacement followed by hydrothermal metamorphism presumably related to the diking event. Thus the Preston Peak tectonites underwent a severe deformation-metamorphic history and were further disrupted during serpentinization prior to the injection of mafic dikes and the construction of the mafic complex.
The The Preston Pe ak ophiolite possesses internal structhralstratigraphic relations which differ markedly from the concept of an ideal ophiolite section [Coleman, 1977] [Armstrong, 1978] .
Nevadan deformation in the Preston Peak ophiolite is marked by its basal thrust fault. Along the thrust serpentinized peridotitc and amphibolite tectonite of the lower basement complex, and cross-cutting dikes related to the upper mafic complex have together been disrupted into a zone of melange [Snoke, 1977] . The melange consists primarily of mafic blocks within a schistose serpentinite matrix. Melange development is clearly superimposed over the long history of tectonite development, metamorphism and subsequent mafic magmatism which together. produced the polygenetic ophiolite. Significant high angle faults within the upper ophiolitic plate were originally interpreted as Nevadan age reverse faults [Snoke, 1977] The lower Coon Mountain intrusive complex is a sill-like composite body that was preferentially emplaced along cleavage and bedding planes within the Galice Formation [Harper, 1980a] . The intrusion covers about 11 km 2 and occupies the hinge area of a large syncline (Figure 2) . Its roof is preserved along its southern margin where it dips beneath a thin cover of Galice Formation. The Galice Formation is converted to a biotite hornfels along the intrusive contact. The thickness of the intrusion ranges from 250 to 300 m.
More than 90% of the lower Coon Mountain complex consists of ultarmafic rock, predominately olivine clinopyroxenitc. Mafic to granitic rocks occur in a complex marginal facies, and as dikes that cut the main ultramafic body. A granodioritic mass from the marginal facies has yielded a 142 m.y. concordant zircon age (sample J84Z, Table 1 ). This represents a minimum age for the main ultramafic body inasmuch as the granodioritic material intrudes the ultramafic rocks and contains numerous ultramafic xenoliths. However, Harper [1980a] suggests that the 142 m.y. zircon age approximates the age of the entire complex since a complete range of compositions exists between ultramafic and granitic members and since the granitoid masses are spatially restricted to the complex. An additional age constraint is that it apparently postdates the Nevadan cleavage in the Galice 
OPHIOLITE ACCRETION IN THE WEST CENTRAL KLAMATH MOUNTAINS
In the analysis of accretionary tectonics of the Klamath province attention has been focused on the imbrication of eugeosynclinal terranes and the development of an accretionary wedge-type orogen [Hamilton, 1969; Irwin, 1973] . It is thought that progressively younger exotic terranes were swept into the growing wedge through time by prolonged plate convergence. By this reasoning, if the western Klamath terranes alone are considered then about 100 m.y. of convergence transpired between the time that the western Paleozoic and Triassic belt began to accrete Davis et al., 1978] , and the time that the Franciscan Complex was thrust beneath the western edge of the Klamath province [Irwin, 1981] . Recognizing that in the circumPacific realm 10 m.y. is a significant increment of time with respect to changes in plate-juncture patterns [Atwater, 1970; Karig, 1971; Hilde et al., 1977] , the age and structural stratigraphic relations discussed above lead us to a somewhat different interpretation. Central to this issue is the concept of ophiolite accretion which has been limited to the imbrication or obduction of exotic ophiolite sheets during the compressional phases of orogeny. This concept as widely used is incomplete for it ignores the igneous accretion of juvenile oceanic crust by seafloor spreading during rifting and marginal basin formation within the orogenma first order process in circum-Pacific tectonics. The imbrication process of ophiolite accretion is readily recognized by the mapping of thrust related structures, whereas rift-accretion features are not easily recognized for they must be read through the overprinted thrust structures from information within the stratigraphic records. Furthermore, the edges of rift basins are by nature prone to superimposed deformations by convergence and transform motions. Thus rift edge-zones are not readily preserved in a long-lived orogen.
In this article we have reviewed published data and presented new age data which record the processes of ophiolite accretion by a serial arrangement in time of compressional and extensional orogenic regimes. The Preston Peak ophiolite contains within its lower tectonite section the record of pre-mid Jurassic ophiolite disruption, metamorphism and presumably convergence-related accretion. Throughout the Klamath Mountains and western Sierra Nevada the signature of such an early Mesozoic compressive phase has been obscured by late-Jurassic Nevadan overprints [Davis et al., 1978; Saleeby, 1981 Saleeby, , 1982 . However, within the stratigraphic record there is clear evidence that the pre-Nevadan and Nevadan compressive phases are distinct from one another and were separated in time by a major rifting phase [Saleeby, 1981 [Saleeby, , 1982 Sharp, 1980] . The Josephine ophiolite is considered an important expression of this rifting phase.
The critical time-stratigraphic relations within and between the Josephine and Preston Peak terranes are summarized in Table 3 Klein [1977] ). The geochronological and stratigraphic data constrain the transition from spreading to convergent tectonics to within 10 and perhaps 5 m.y. Such tight constraints are not readily available in the ancient geological record and are not unlike rates of rapid changes along modern continental margin plate junctures. The question concerning the precise timing of the Preston Peak thrust may be irresolvable considering that deposition of the Galice volcaniclastic interval and emplacement of the quartz keratophyre sill and then advancement of the upper thrust plate and cleavage development could at modern rates be contained within the analytical uncertainty of the zircon age data. We feel that this is the solution to the space problem. This problem is compounded because the age data on the Galice metamorphism is by K/Ar techniques and are from rocks located to the south of the study area. Thus the uncertainty in matching of the two sets of geochronological data is also of critical size with respect to the processes we wish to characterize in time.
Additional remnants of the pre-Nevadan rifting event may include the western Sierra Nevada Smartville ophiolite, the California Coast Range ophiolite [Saleeby, 1981] , and a regional tholeiitic dike swarm which cuts Paleozoic and early Mesozoic metamorphic units and Lower and Middle Jurassic volcano-plutonic arc rocks of the western and northern Sierra Nevada [Sharp, 1980] . As in the Klamath Mountains region these apparent interarc rift assemblages were involved in a Nevadan (or Nevadan age) metamorphic-deformational pulse shortly after their igneous formation. The deformation and metamorphism of oceanic basement followed by arc magmatism, rapid rifting and basin development, orogeny associated with basin closure, and then continued arc magmatism are a pattern similar to that of a complex arc terrane such as the Solomon Islands [Hackman, 1973; Karig, 1972] . The Solomon arc consists of en echlon remnant arc segments and major transcurrent fault zones related to oblique convergence, unevenly spaced volcanic constructional centers, metamorphosed oceanic basement uplifts, and partially closed interarc basins. On the basis of petrological similarities in arc-type volcanic and plutonic assemblages Snoke et al. [1982] and Saleeby [1982] drew an analogy between the Mesozoic Klamath-western Sierra region and the modern Solomon arc. The ophiolitic tectonics discussed here and their tight time relationships with the products of arc-magmatism are consistent with such an analogy.
An additional point of importance which has not been discussed is the concept of arc polarity. Inasmuch as the Solomon arc has apparently reversed its polarity in the recent geologic past [Karig, 1972] . Thick, apparently short-lived volcanic piles and composite plutonic centers formed over a very broad area without well-defined time-space patterns. It is thus impossible to define arc polarity based on temporal or compositional patterns in space. Nevertheless, the structural framework of the Klamath province and the general age progression in accreted terranes seemingly indicate a west-facing arc system with eastward subduction of oceanic assemblages beneath the province. Such polarity does not negate a collisional-type of orogeny within the orogen in the event of an arc-reversal following rifting. A collisional origin for the Nevadan orogeny has been suggested by Moores [1970] and Schweickert and Cowan [ 1975] . The point we emphasize here is that such an orogeny should be considered to have occurred within the orogen, which in this case should limit the concept of exotic terranes. For example different thrust plates may be allochthonous or exotic to one another, but not necessarily exotic to the orogenic zone.
In the case of the Nevadan orogeny in the west central Klamath province, there is no evidence for an arc-reversal or a change in overall polarity. The pattern appears to have been convergence and conceivably subduction of young interarc basin floor beneath the adjacent remnant arc with preservation of the existing polarity. Whether the convergence was established along a normal versus transform basin edge is unclear. In Figure 4 we have not accounted for possible strike-slip motion within the system, a problem that is probably widespread along the entire western cordillera.
